SUMMARY Comparative studies of plasma norepinephrine in patients with essential hypertension and in nonnotensive controls have consistently reported higher mean resting levels of norepinephrine in the hypertensive groups, but the hypertenslve-nonnotenslve differences have often been small and, in about three-fifths of the studies, not statistically significant. The author reviewed the medical literature to test the hypothesis that, during stress, hypertenslve-nonnotenslve differences in norepinephrine become more apparent. Among 24 studies involving orthostatic stress, the increment in norepinephrine with standing was similar for hypertensives and normotensives (239 vs 230 pg/ml). In contrast, among eight studies involving exercise, the increment in norepinephrine was significantly greater in hypertensives (834 vs 450 pg/ml). For both standing and isotonic exercise, absolute changes in norepinephrine with stress correlated with basal norepinephrine across the hypertensive but not the nonnotensive groups. These results are consistent with the existence within the hypertensive population of a subgroup of patients with elevated norepinephrine levels at rest and excessive sympathetic responsiveness to stress. However, the available literature is deddedly lacking in studies about other types of stress besides standing and exercise. to reflect sympathetic neural activity, 1 many studies in the last decade have used plasma norepinephrine determinations to test the hypothesis that excessive sympathetic activity occurs in essential hypertension. Comparative studies of plasma norepinephrine in patients with essential hypertension and in normotensive controls have consistently reported higher resting levels of norepinephrine in the hypertensive groups, but the hypertensive-normotensive differences have often been small and, in about threefifths of the studies, not statistically significant.
B
ECAUSE plasma norepinephrine levels seem to reflect sympathetic neural activity, 1 many studies in the last decade have used plasma norepinephrine determinations to test the hypothesis that excessive sympathetic activity occurs in essential hypertension. Comparative studies of plasma norepinephrine in patients with essential hypertension and in normotensive controls have consistently reported higher resting levels of norepinephrine in the hypertensive groups, but the hypertensive-normotensive differences have often been small and, in about threefifths of the studies, not statistically significant. 1 It may be that in nonresting situations, hypertensivenormotensive differences become more apparent. Accordingly, this paper reviews the recent medical literature to determine whether patients with essential hypertension show exaggerated plasma norepinephrine responses to stress.
There have been many definitions, and arguments about definitions, of stress. For the purposes of this review, a stressful stimulus is defined as one that, in the absence of a known pathological state, produces increases in sympathetic nervous system activity. Examples of stressful stimuli are orthostasis; isotonic and isometric exercise; exposure to cold; hypoglycemia, hypoxia, or pain; and environmental situations eliciting emotional responses such as anxiety or anger.
The author reviewed studies in which plasma norepinephrine responses to one or more of these stresses were compared in a group of patients with essential hypertension and in a normotensive control group. The studies satisfied these criteria: 1) they were published in English; 2) they were not abstracts, summaries of previously published data, or presentations of the same data as previously published; and 3) they used a sensitive, specific fluorimetric assay technique (such as that of Renzini et al.*), a radioenzymatic technique, or high pressure liquid chromatography with electrochemical detection.
To locate these studies, the author conducted several MEDLINE searches for interactions among VOL 3, No 5, SEPTEMBER-OCTOBER 1981 hypertension, catecholamines, norepinephrine, stress, cold, hypoglycemia, emotions, hypoxia, and pain; and then culled additional articles by inspecting the bibliographies of the publications listed in MEDLINE.
When necessary, mean group norepinephrine values were derived from figures, or from the weighted contributions of listed subgroups. When "total catecholamines" were reported, the norepinephrine concentration was assumed to be 80% of the total. In studies using more than one intensity of stress, only data for the maximum intensity were considered.
Statistical testing used independent-and dependentmeans / tests and Pearson correlation coefficients. Table 1 summarizes results obtained from 24 comparative studies of plasma norepinephrine during standing in patients with essential hypertension and in normotensive controls. Basal mean norepinephrine levels were higher in the hypertensive than normotensive group in 20 of the 24 studies, with a mean hypertensive-normotensive difference of 44 pg/ml(/ = 4.28, p < 0.001). During standing, the mean hypertensivenormotensive difference remained significantly different from zero (53 pg/ml, t = 2.54, p < 0.05), but with much less consistent data.
Results

Standing
Standing did not significantly increase the mean hypertensive-normotensive difference in norepinephrine, and the increment in norepinephrine with standing for the hypertensives was similar to that for the normotensives (239 vs 230 pg/ml). Basal hypertensive-normotensive differences correlated strongly with hypertensive-normotensive differences during standing (r = 0.77, p < 0.01).
When expressed in percents, normotensives actually increased norepinephrine to a greater extent during standing than did hypertensives (102% vs 85%, t = 2.54, p < 0.05). For periods less than or equal to 526/473* H = hypertensive; N = normotensive; Re = catechol-O-methyltransferase radioenzymatic; Rp = phenylethanolamine-N-methyltransferase radioenzymatic; F = fluorimetric; LC = liquid chromotographic-electrochemical detection; TC = total catecholamines; MAP = mean arterial pressure.
•Significant hvpertensive-normotensive difference during standing (p < 0.05.).
5 minutes of standing, the groups increased norepinephrine by a similar percentage (84% vs 78%), but for periods longer than 5 minutes, normotensives increased norepinephrine significantly more than hypertensives (121% vs 89%, t = 2.98, p < 0.02). Six studies reported significantly higher hypertensive than normotensive norepinephrine levels during standing, as well as an increase in the hypertensivenormotensive difference. The reason for these positive results was not excessive mean norepinephrine levels in the hypertensives during standing, since mean standing hypertensive levels were similar in the positive and negative studies (549 vs 519 pg/ml). Rather, normotensive control levels during standing were significantly lower in the positive studies (386 vs 502 pg/ml, t = 2.25, p < 0.05). These findings suggest that factors in the selection, characteristics, or treatment of the normotensive control groups helped to determine that the results would be positive. One of the positive studies 10 included a normotensive control group comprised mainly of members of the laboratory staff, and this type of group is now known to have lower resting levels of norepinephrine than other normotensives." The other five positive studies did not discuss the constitution of the control groups beyond mentioning that the normotensives were healthy.
Across the hypertensive groups, the absolute change in norepinephrine from baseline with standing correlated 0.64 (p < 0.01) with the resting norepinephrine level; in contrast, across the normotensive groups, the change in norepinephrine from baseline was unrelated to the resting level (r = 0.25).
These findings are consistent with the existence within the hypertensive population of a subgroup of patients with elevated norepinephrine levels at rest and excessive sympathetic responsiveness to standing. However, the lack of a significant increment in overall hypertensive-normotensive differences with standing suggests that, when considered as a single population, hypertensives do not show exaggerated plasma norepinephrine responses to this stimulus.
Exercise Table 2 summarizes the results of studies comparing plasma norepinephrine responses to exercise in patients with essential hypertension and in normotensive controls. The eight studies reported higher mean norepinephrine levels during or after exercise in the hypertensives (by 529 pg/ml, t = 3.46, p < 0.02 overall; 761 pg/ml, t = 4.41, p < 0.02 for isotonic ex- ercise; and 144 pg/ml, t = 6.93, p < 0.025 for isometric exercise), with an increase in the mean hypertensive-normotensive difference (from 146 to 529 pg/ml, / = 3.66,p < 0.01 overall; from 197 to 761 pg/ml, t = 5.88, p < 0.02 for isotonic exercise; and from 60 to 144 pg/ml, t = 7.36,p < 0.02 for isometric exercise) when compared with the basal condition.
The increment in norepinephrine with exercise among the hypertensives also was significantly greater than the increment among the normotensives (834 vs 450 pg/ml, t = 3.66, p < 0.01 overall; 1159 vs 595 pg/ml, / = 5.88, p < 0.005 for isotonic exercise; and 293 vs 209 pg/ml, t = 7.36, p < 0.02 for isometric exercise). Increments in norepinephrine were greater with isotonic than isometric exercise (877 vs 251 pg/ml overall, / = 6.79, p < 0.001), despite seemingly severe handgrip exercise as an isometric stress. When expressed in percents, the hypertensive groups increased norepinephrine in response to exercise to a greater extent than the normotensive groups in seven of the eight studies (224% vs 172%). This difference was not, however, statistically significant {t = 1.81), at least partly due to unusually high basal norepinephrine levels and hypertensive-normotensive differences in a few of the studies.
As with orthostatic stress, hypertensive-normotensive differences during exercise correlated significantly with hypertensive-normotensive differences at rest (r = 0.86, p < 0.01). Further, for isotonic exercise, the absolute change in norepinephrine from baseline correlated significantly with the baseline level across the hypertensive groups (r = 0.88, p < 0.05) but not across the normotensive groups (r = 0.06).
Since resting norepinephrine levels as well as increments in norepinephrine with stress increase with age," poor age matching could have produced greater hypertensive-normotensive differences during exercise than at rest. However, in four of the studies, the groups were age-matched, with positive results still obtained.
Other Stresses
Only one study compared plasma catecholamine responses to the cold pressor test in hypertensives and normotensives,' 1 and this study used measurement of total catecholamines rather than norepinephrine alone. The level of plasma catecholamines during the test was significantly higher in the hypertensives than the normotensives (619 vs 467 pg/ml), with an increase in the mean hypertensive-normotensive difference from 61 to 152 pg/ml.
Similarly, only one study has compared hypertensive and normotensive responses to psychological stress, in this case, a color-word conflict test.
14 The stress increased norepinephrine only slightly in both hypertensives (436 to 479 pg/ml) and normotensives (353 to 369 pg/ml), with an increase in the hypertensive-normotensive difference from 83 to 110 pg/ml.
No studies have compared plasma norepinephrine responses of hypertensives and normotensives to hypoxia, hypoglycemia, or pain.
Discussion
Of the several stresses known to stimulate the sympathetic nervous system, only orthostasis and exercise have been extensively studied. Increments in norepinephrine to standing were found to be similar in hypertensives and normotensives. In contrast, hypertensives showed much larger increments in norepinephrine in response to exercise than normotensives, resulting in large hypertensive-normotensive differences, averaging 529 pg/ml, during this stress. For both standing and isotonic exercise, the absolute change in norepinephrine from baseline correlated positively with the baseline level for the hypertensive but not normotensive group.
Why should there have been such a difference between the results obtained during standing and those obtained in response to exercise? The simplest explanation is that orthostasis is not as potent a stimulus for norepinephrine release as is exercise. A prediction from this is that the extent of the hypertensive-normotensive differences in norepinephrine should vary with the intensity of the stress. In the two studies that used graded levels of exercise, the hypertensive-normotensive differences in norepinephrine did, in fact, increase progressively from the resting to orthostatic positions, and then across the several intensities of exercise.
An alternative explanation for the discrepancy between the results obtained with standing and with exercise is that only relatively younger subjects would be exercised severely, and it has previously been shown that hypertensive-normotensive differences in norepinephrine vary inversely with age.
1 The mean age of the subjects undergoing orthostatic stress was in fact greater than that of the subjects undergoing isotonic exercise (42 vs 34 years), but the difference did not attain statistical significance. In the one study in which norepinephrine responses to isotonic exercise were analyzed separately by age group, hypertensivenormotensive differences in response to exercise increased with the age of the group studied. ' Unfortunately, little comparative data are available about hypertensive-normotensive differences in norepinephrine in response to stresses other than orthostasis and exercise. Conclusions about the relationship between hypertensive-normotensive differences and intensity of stress must be tempered, therefore, by the possibility that exercise differentiates hypertensive and normotensive groups for reasons specific to exercise. For instance, if hypertensives were simply less physically trained, one might predict that they would show greater norepinephrine responses to exercise -especially submaximal isotonic exercisethan to other stresses.
The available exercise data have been difficult to analyze because of variability from study to study in the type, intensity, and duration of exercise; testing of only poorly described -and possibly biased -subgroups from among the hypertensives and normotensives; poor age matching, in a situation where both resting and stress-related increments in norepinephrine are known to vary with age; small group sizes; and reporting total catecholamine levels, where the relative contributions of norepinephrine and epinephrine to the total may change during the testing.
A rather surprising finding, derived both from studies of orthostatic stress and of isotonic exercise, was that absolute changes in norepinephrine from baseline during stress correlated with baseline norepinephrine levels across the hypertensive but not the normotensive groups. This finding is consistent with the hypothesis that, among the hypertensive population, there exists a subgroup of patients with elevated basal norepinephrine levels and excessive sympathetic responsiveness to stress; while among the normotensive population, variations in basal norepinephrine represent sampling error of no physiological significance. Eng et al. 10 have recently demonstrated that "high norepinephrine" hypertensives do show greater norepinephrine responses to standing than "normal norepinephrine" hypertensives. Unfortunately, their data do not include the norepinephrine responses of the normotensives with relatively high or low basal norepinephrine.
Because the hypertensive groups have often shown higher basal norepinephrine levels than the normotensive groups, data analyses based on absolute changes from baseline yielded entirely different results from analyses based on percent changes. At the current state of knowledge in the area, it is impossible to state with confidence which type of analysis makes more physiologic sense.
In summary, review of the available medical literature about the relationship between stress and sympathetic activity in essential hypertension has resulted in these conclusions:
Resting plasma norepinephrine levels are usually greater in hypertensive than normotensive groups, although often not significantly so.
Standing does not significantly increase hypertensive-normotensive differences in norepinephrine.
Exercise -particularly isotonic exercise -does significantly increase the mean hypertensivenormotensive difference.
For both standing and isotonic exercise, absolute changes in plasma norepinephrine from baseline correlate with baseline levels across hypertensive but not normotensive groups.
There is inadequate or no published information about the effects or other stresses besides standing and exercise on plasma norepinephrine in essential hypertension.
These findings are consistent with the following hypotheses:
1. The extent of hypertensive-normotensive differences in sympathetic activity depends on the intensity of stress.
2. Overall, patients with essential hypertension show excessive sympathetic neural responses to exercise.
3. A subgroup within the hypertensive population shows excessive plasma norepinephrine at rest and accentuated sympathetic responses to stress.
Further testing of patients with essential hypertension who show elevated norepinephrine levels at rest should include measurement of these patients' norepinephrine responses to several stresses, to test the hypothesis that sympathetic neural activity at rest and reactivity to stress are abnormal in a proportion of patients with essential hypertension. 
